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LOW WATER PEAK OPTICAL WAVEGUIDE FIBER AND METHOD OF MANUFACTURING SAME 



RELATED APPLICATION 

This application claims the benefit of the priority date of U.S. Provisional 
Patent Application No. 60/131 ,033, filed April 26, 1999, titled "Low Water Peak 
Optical Waveguide and Method of Making Same". 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the field of optical waveguide 
fibers, and more particularly to optical waveguide fiber preforms and methods 
of making optical waveguide fiber preforms from which low water peak optical 
waveguide fibers are formed. 

2. Technical Background 

Generally speaking, a significant goal of the telecommunications 
industry is to transmit greater amounts of information, over longer distances, in 
shorter periods of time. Typically, as the number of systems users and 
frequency of system use increase, demand for system resources increases as 
well. One way of meeting this demand is by increasing the bandwidth of the 
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™rii U m used to carry this information over long distances. In optical 
increased bandwidth is particularly high. 

,,^».«.«^-»-««™™ , ™ ,, ~"" n " 

Err s==r—===r 

otneroxyge _ llll „ w The attenuation increase due to 

OH 2 bonds referred to generally as *ater .in 
OH or water In the glass oan be as high as about 0.5 to t .0 
attenuauon peaK gene* occupying the ,3B0nm """^^ 
phra se "1380nm window- is defined as ate range of wavelengths bet^en 
h M330nm to about 1470nm. The attenuation peak, generally referred .0 
SrSS.^— — ele^agn.otransmissionm.e 

residing inthe 1380nm window byoperaang in me t3t0nm ^««* 

..™ in nnprate over broad wavelength ranges, n i» 
j telecommunications systems to operate over 

now likely that all wavelengths between about 1300nm and about loSOnm w, 
rur fo rda.aUans,erinop,,ca, te lecommunica to nssys,ems. R emov,ngune 
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water peak from optical waveguide fiber used with such systems is an 
important aspect of enabling system operation over this entire range. 

SUMMARY OF THE INVENTION 

One aspect of the present invention relates to a method of fabricating a 
cylindrical glass body for use in manufacturing optical waveguide fiber. The 
method includes the steps of chemically reacting at least some of the 
constituents of a moving fluid mixture that includes at least one glass forming 
precursor compound in an oxidizing medium to form a silica-based reaction 
product. At least a portion of the reaction product, which includes hydrogen 
bonded to oxygen, is collected or deposited to form a porous body. A 
centeriine hole extending axially through the porous body is formed during the 
deposition process, for example, by depositing the reaction product on a 
substrate, and thereafter removing the substrate. The porous body is dried and 
consolidated to form a glass preform, and the centeriine hole is closed under 
conditions suitable to make an optical fiber having optical attenuation of less 
than about 0.35 dB/km at a wavelength of 1380nm. Preferably, the fiber 
exhibits optical attenuation less than 0.31 dB/km at a wavelength of 1380nm. 

In another aspect, the present invention relates to a cylindrical glass 
body for use in manufacturing optical waveguide fiber that is made by the 
method described above. 

A further aspect of the present invention is directed to an optical 
waveguide fiber. The optical waveguide fiber includes a silica containing core 
glass, at least a portion of which includes hydrogen bonded to oxygen. The 
silica containing core glass further includes a centeriine region, at least a 
portion of which includes a dopant, and is formed by closing a centeriine hole of 
a preform. A cladding glass surrounds the silica containing core glass so that 
the optical waveguide fiber exhibits an optical attenuation of less than about 
0.31 dB/km at a wavelength of about 1380nm 

In yet another aspect, the present invention is directed to an optical fiber 
communication system. The system includes a transmitter, a receiver, and an 
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optt ca, fiber .or communicating an opftd signal between the — and 
L recerver. The op«oa, fiber includes a sUica containing core 0~ * leas, 
portion of which contains hydrogen bonded to oxygen, having a dopant 

The optical fiberfurther includes a cladding glass surrounding the sHica 
^^.ass.P^.suohanop^fiberex^anattenua^ 

of less than about 0.31 dB/km at a wavelength of about 1380nm. 

A sdl, further aspect of the prosent invention directed to a method of 
fab rtcatg a cylindrtca, glass body for use in manufactortng optica, wavegurte 
Tr Th meld includes me steps o, chemically reacting a, leas, some o, 
rconst«uenteo.amovingfiuidmMure*atinc,udesat,eas,one 9 lass 

toning procursorcompound in an oxidtfng medium to form a si ca-as^ 
eTcfion product. At least a portion of the reaction product, which includes 

cite ine hole extending axially through the porous body ,s tomted dunng *. 
deposition process, for example, by depositing the reacbon product on a 
s cite, and thereafter remo,ng the subsftate. The porous borty is dned and 
colidated to torn, a glass preform having a centedine hole, which * 
subsequent closed. The drying, consolidating, and clos,ng steps are 
ZZ« under condidons sudable to result in a rid glass body mclu ,n 
centedine region having a weighted average OH content of less than about 1 

^ An addkional aspectofthe present invention relatesto a plugfor use in 
seaiing the centedine hole of a soo, blank used to manu^u 
, waveguide fiber. The silica containing glass plug has an OH conten :o <Vm 
than Lou, 5 PP m by w«gh, and is preferably chemically dned such that t has 
an OH content of less than about 1 ppb by weight. 

Tne method o, the present invention resuKs in a number of advantage 

„ blanks made by an outside vapor deposMon (OVD) process are consorted 
10 rrrtneconLngato^harotoohemicaM^e^kandft.sfonaa 

consolidated glass prefom, having a centedine hole extending axially 
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therethrough. The core glass preform is then typically positioned within a 
redraw furnace and heated to a temperature sufficient to facilitate redrawing or 
stretching of the core preform into a smaller diameter cylindrical glass body or 
core cane. During the redraw operation, the centeriine hole of the core blank is 
closed by, for example, applying vacuum (e.g., pressure of about 200 mTORR 
or less) along the centeriine hole. The reduction in pressure within the 
centeriine hole ensures complete closure of the centeriine hole such that the 
core cane has a solid centeriine region extending axially therethrough. 

After the redraw step, the resulting core cane is typically overclad with a 
layer of cladding soot by depositing a cladding soot, e.g. via an OVD process. 
Once covered with sufficient cladding soot, the resulting soot overclad core 
cane is chemically dried and consolidated to form an optical fiber preform, 
which can thereafter be drawn into an optical waveguide fiber. Despite the 
chemical drying and consolidation steps, such optical waveguide fibers have 
been found to exhibit a relatively high level of attenuation measured at 
approximately 1380nm. Because telecommunications systems presently in use 
today do not operate at or in the immediate vacinity of 1380nm, this 
shortcoming has been largely overlooked. With recent advancements made in 
WDM, amplifier technology, and laser sources, however, eliminating the water 
peak measured at 1380nm has become a priority. The water peak is largely a 
result of water being trapped in the glass during the fiber manufacture process. 
In the case of the OVD process, it is believed that a large portion of the water is 
trapped within the centeriine region of the core cane prior to or during closure 
of the centeriine hole. Although the blanks are chemically dried and sintered 
during consolidation, it has been found that the region of glass surrounding and 
defining the centeriine hole is being rewet after drying. Most commonly, such 
rewetting occurs through the physisorption of water (OH 2 ) and/or chemisorption 
of water (Beta OH) upon exposure of the centeriine hole to an atmosphere that 
includes a hydrogen containing compound, such as, but not limited to water 
(H 2 0) following consolidation. 

A principle advantage of the method of the present invention is that it 
greatly reduces the amount of water trapped within the centeriine region of the 
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core cane Accordingly, optical wavoguida fiber made from such a core car* 

a whole, and .harefor exhibds lower opUca, attenuabon ,n ft. 1W*. jdow 

than optica, waveguide fiber manufactured in accordance w,.h atandard 

methods from preforms manufactured by the OVD process. 

An addmona, advantage of ma me*od and cylindrical glass body o,.he 

pmsent invention is that optica, waveguide fiber manufacfored from such 
yiinddca, g,ass bodies can now operate et any se,ected 3 
range of wave,engthafrom about 1300nm to about f 680nm wrthou. undo 
Z, anenuadon. Mora specify, such fibers exhiba less 
dL, and preferably less than about 0.31 dB/Km at each wavelengd. w*h,n 
wa velengdt range from about 1300nm.o about ,680nm. Moreov , d» 
method of the present invention is eiso economica, to piemen, and can be 
^ced JL «he Paction of additional environmentally unf nend* wasfe 

^"tddidona, features and advantagea o, the invendon will be set forth h 
me detailed description which fCfows, and in pad will be readily apparent to 

invenbon as described herein, fading the detailed descnpbon wh^h follows, 
the claims, as well as the appended drawings. 

„ is ,o be understood that both me foregoing genera, descnpbon and me 
following detailed descnption are merely exemplary of the Invention, an are 

character of me invention aa « is claimed. The accompanymg draw,ngs are 
included to pmvide a further understanding of the invendor, and are 
.corpora.*, in and constitute a pad o, this action. The draw, gs 
illustra te venous embodiments of the invenbon, and together** me 
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FIG. 1 is a perspective view of a cylindrical glass body shown depicting 
the centerline region R 2 in accordance with the present invention; 

FIG. 2 schematically illustrates the manufacture of a porous body using 
an outside vapor deposition process in accordance with the present invention; 
5 FIG. 3 is a cross-sectional view of the porous body of FIG. 2 shown 

suspended within a consolidation furnace; 

FIG. 4 is a cross-sectional view of the porous body of FIG. 2 shown 
suspended within a consolidation furnace in accordance with the first preferred 
embodiment of the present invention; 
1 0 FIG. 5A is a cross-sectional view of the porous body of FIG. 2 shown 

fitted with a top plug and suspended within a consolidation furnace in 
accordance with the first preferred embodiment of the present invention; 

FIG. 5B is an enlarged cross-sectional view of the top plug shown 
positioned within the handle as depicted in FIG. 5A; 
1 5 FIG. 6A is a cross-sectional view of the porous body of FIG. 2 shown 

fitted with breakware and suspended within a consolidation furnace in 
accordance with the first preferred embodiment of the present invention; 

FIG. 6B is an enlarged cross-sectional view of the breakware shown 
positioned within the handle as depicted in FIG. 6A; 
20 FIG. 7A is a cross-sectional view of a sintered glass preform resulting 

from consolidation of the porous body depicted in FIG. 4 shown being drawn 
into a reduced diameter core cane; 

FIG. 7B is a cross-sectional view of a sintered glass preform resulting 
from consolidation of the porous body depicted in FIG. 5A shown being drawn 
25 into a reduced diameter core cane; 

FIG. 7C is a cross-sectional view of a sintered glass preform resulting 
from consolidation of the porous body depicted in FIG. 6A shown being drawn 
into a reduced diameter core cane; 

FIG. 7D is an enlarged cross-sectional view showing the breakware and 
30 operation of the plunger as depicted in FIG. 7C. 
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FIG. 8 is a cross-sechona. view of a sintered giass preform shown 
posted w*.n a redraw.Umace in accordance w«h .he second preferred 
embodiment of the method of the present invenlton; 

FIG 9 is a cross-sec.iona.view of a sintered glass preform shown 
posted w» a redrawfcrnace in accordance** the second preferred 

present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to the present preferred 
a mbodiments of the invention, examples of which aro illustrated ,n the 

^hrgawe.htedaverageOHcontentofleesthanabout^ppb.and 

diameter dopant (preferably germania) contaming ragon 26 (depicted by r 

extendlongHudinallyalongcentralaxisZBofcynndncalgla sb«.y 0. 
Cantedine region 24. presented by radial distance R, as daprcted ,n FIGJjs 

,i a ht travels. Steted differently, whan the attenuate spectra of an op^a. 
TZ«* -r -nu.acu.red from g,ass body 20 , measured on a Ph ter, 
attenua. to n measurement bench «PK Bench, a, a wav.ength of 
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1380nm, optical attenuation measures less than about 0.35 dB/km and more 
preferably less than about 0.31 dB/km. 

In accordance with the invention, cylindrical glass body 20 is preferably 
formed by chemically reacting at least some of the constituents of a moving 
5 fluid mixture including at least one glass-forming precursor compound in an 

oxidizing medium to form a silica-based reaction product. At least a portion of 
this reaction product is directed toward a substrate, to form a porous body, at 
least a portion of which includes hydrogen bonded to oxygen. The porous body 
may be formed, for example, by depositing layers of soot onto a bait rod via an 

10 OVD process. Such an OVD process is illustrated in FIG. 2. As shown in FIG. 

2, a bait rod or mandrel 30 is inserted through a tubular handle 32 and mounted 
on a lathe (not shown). The lathe is designed to rotate and translate mandrel 
30 in close proximity with a soot-generating burner 34. As mandrel 30 is 
rotated and translated, silica-based reaction product 36, known generally as 

15 soot, is directed toward mandrel 30. At least a portion of silica-based reaction 
product 36 is deposited on mandrel 30 and on a portion of handle 32 to form a 
porous body 38 thereon. While this aspect of the present invention has been 
described in conjunction with a mandrel 30 that is traversed by a lathe, it will be 
understood by those skilled in the art that soot generating burner 34 can 

20 traverse rather than mandrel 30. Moreover, this aspect of the present invention 
is not intended to limit soot deposition to an OVD process. Rather, other 
methods of chemically reacting at least some of the constituents of a moving 
fluid mixture, such as, but not limited to, liquid delivery of at least one glass- 
forming precursor compound in an oxidizing medium can be used to form the 

25 silica-based reaction product of the present invention, as disclosed, for 

example, in U.S. Provisional Patent Application Serial No. 60/095,736, filed on 
August 7, 1997, and PCT Application Serial No. PCT/US98/25608, filed on 
December 3, 1998, the contents of which are hereby incorporated by reference. 
Moreover, other processes, such as the inside vapor (IV) deposition process, 

30 and modified chemical vapor deposition (MCVD) process are also applicable to 
the present invention. 
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Once the desired quanKy of soot has been deposited on mandrel 30. 
s00t dep s«on is ten.ina.ed and mandre, 30 is ^ X ' 
„ accolnce wim the present invention and as deptf ed ,n Hft 3^ 

. , norous body 38 defines a centedine hole 40 passing 

removal of mandrel 30, porous booy ded by han dle 32 on 

axiallytherethrough. Preferab4y. porous body 38 ,s su 

end of cenferiine hole 40 remote from hand e 32 « ^ ^ 
w^m olua 46 Drier to positioning porous body 38 within conso 

°Zv^ to a chLe containing adhere a. elevated temperature 

would have an undesirable eiTeci on uio y k 

.KnHw^ft in an OVD formed porous body 38, the 

•« »h a nun nm vvindow. t has since Deen 
levels of optical attenuation in the 1380 nm wino 
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that this high attenuation, known generally as the "water peak", is largely due to 
absorption of water by that portion of the glass preform surrounding the 
centeriine hole prior to centerline hole closure. In fact, it is now recognized that 
physisorbed water (OH 2 ) and chemisorbed water (Beta OH) in the glass 
bounding the centerline hole results substantially instantaneously when the 
glass is exposed to an atmosphere containing a hydrogen compound such as, 
but not limited to water (H 2 0). Moreover, the greater the exposure time, the 
greater the amount of water absorbed by the glass. Thus, any exposure to 
ambient atmosphere, or any atmosphere containing a hydrogen compound, no 
matter how short the period of time, will rewet that portion of the glass preform 
bounding the centerline hole. Such rewetting provides the impurities that cause 
the water peak exhibited by optical waveguide fibers manufactured using 
standard fiber manufacture processing techniques from blanks formed by an 
OVD process. 

In accordance with the method of the present invention, centerline hole 
closure under conditions suitable to result in a solid glass body that can be 
used to manufacture an optical waveguide fiber that exhibits optical attenuation 
of less than about 0.31 dB/km at a wavelength of 1380nm can be facilitated in a 
number of ways. In a first preferred embodiment of the method of the present 
invention, exposure of the centerline hole to an atmosphere containing a 
hydrogen compound is prevented following the steps of chemically drying and 
consolidating the porous body. In accordance with this embodiment, the 
centerline hole does not have an opportunity to be rewet prior to centerline hole 
closure. In a second preferred embodiment of the method of the present 
invention, water contained within the portion of the sintered glass preform 
surrounding the centeriine hole as a result of rewetting following consolidation 
is chemically removed from the glass prior to centerline hole closure, preferably 
at redraw. 

In accordance with the first preferred embodiment of the method of the 
present invention, rewetting of the glass bounding the centeriine hole can be 
significantly reduced or prevented by closing the centerline hole during 
consolidation. As illustrated in FIG. 4, the end of centerline hole 40 remote 
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• h ndi e 32 is fitted with a glass plug 46 prior to the consolidation step, 
from handle 32 » fitted w g ^ ^ zone (nQt 

such as helium The elevated temperature, preferably about 1500 C, 

Thirdly directed sintering forces reduce the diameter of porous body 38 
ZZZ* Porous body 38 onto Plug 48 ,o effect sea, one end of 
1 hJL Porous body 38 is further down driven to smterthe 
2 rTpols ^38 .hereby fomting a sintered ,ass preform bavin, a 

Drefe rablv withdrawn from the hot zone, and 
centeri,ne hole 40 . exp ^^icates with centerline 

1M ^ ^i rrs^ass preform is a 9 ain down driven 

Lum. m-— ^n^r s^s:--. 

Alternatively, as illustrated in FIG- 5A, bottom plug 46 and ,op plug 54 

B rrrr^rr^inha.,e3 2 , an da ra r r 
^ ^n;; lilelendsinurcentedinehole.. ^en 
Lerence to FIG. 4, ttrtng d-emical drying, porous body 38 . down 
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into the hot zone of consolidation furnace 44. As porous body 38 enters the hot 
zone, it progressively sinters, first closing on bottom plug 46, and finally closing 
on top plug 54, thereby sealing centerline hole 40. Because sealing of the 
centerline hole occurs during consolidation, inert gas atmosphere 50 within 
consolidation furnace 44, preferably helium, will be trapped within the sealed 
centerline hole. Accordingly, the sintered glass preform is exposed to elevated 
temperature for a period of time sufficient to diffuse the inert gas from 
centerline hole 40. Diffusion is preferably carried out in a holding oven, but 
diffusion could be accomplished within the consolidation furnace as well. The 
diffusion of the inert gas from centerline hole 40 reduces the pressure within 
centerline hole 40 below that of the pressure outside of the sintered glass body, 
thereby forming a passive vacuum within sealed centerline hole 40. 

More preferably, however, centerline hole 40 is placed under vacuum 
through inner handle 52 as shown in FIG. 5A prior to sintering the end of 
porous body 38 to top plug 54. In this embodiment, narrow portion 58 of top 
plug 54 is sized such that porous body 38 does not fully close onto top plug 54 
as porous body 38 is consolidated into a sintered glass preform. Instead, 
following consolidation, centerline hole 40 is exposed to a reducing atmosphere 
by drawing vacuum through inner handle 52 as the sintered glass preform is 
down driven into the hot zone of consolidation furnace 44. Enlarged portion 56 
of top plug 54 is shaped such that the inert gas within centerline hole 40 can 
pass by enlarged portion 56 of top plug 54 as vacuum is being pulled. As the 
atmosphere within centerline hole 40 is further reduced, the heated sintered 
glass is pulled into engagement with narrow portion 58 of top plug 54, thereby 
sealing centerline hole 40. Because the inert gas has been removed from 
centerline hole 40 by active vacuum, this embodiment of the present invention 
obviates the diffusing step and thus reduces overall processing time. 

In a more preferred embodiment, glass plug 46 is positioned in 
centerline hole 40 at the end of porous body 38 remote from handle 32, and a 
hollow tubular glass member or breakware 60 having a open end facing plug 
46 is positioned in centerline hole 40 opposite plug 46 as shown in FIG. 6A. As 
described above with reference to FIG. 5A. following chlorine drying, porous 
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, • intn the hot zone of consolidation furnace 44 to seal 
body 40 Is down dnven into the hot ^ 

oentedine ho, 40 and consolidate *™»«» * ^ rf ^ 

preform. This can "-^^^^^^^l^ty 
nole 40 with one pass of porous body temperature , 
diffus ion of the inert g as f— ^ ** ^ ^ 

preferably inaholding oven, ^^ fc ^^ Md ^ 
ho, 40. As depicted ,n breakware 60 within handle 

32, and a narrow port,on 64 extending ^ 

etongated hollow portion 66 occupying 40 mereby 

Hollow portfcn 66 prtwK.es agonal volume * cen e « 
providing a better vacuum wtthin center.™ hole 40 MOT 

inert ^tertlne hole 40 is placed under vacuum 

More preferably, however, centerime hole 4 P 

KonHi» S2 Drior to sintering the end of porous booy oo 
through mner handle 62 poor ^ ^ ^ rf 

portion 64 of breakware 60. In this em ^ 

breakware 60 as porous body 38 rs consolro 

3 lnste ad, Mowing consol.atton. cenferiine M glass 

ah nosphere by rising vacuum mrough „ En , arged 

proform is down driven into the ho. zone o Mnterane 

hole 40 can pass by enlarged portion 2 :oi b eakw ^ 
!5 pulled. As«heattttospherewim m certteri,neMe^ 

heated sintered glass is pulled into «"^^. I inert gas has 
been removed from centemne no j 

of which will be described in greater detail below. 
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As described above and elsewhere herein, bottom plug 46, top plug 54 
and breakware 60 are preferably glass plugs having a water content of less 
than about 30 ppm by weight, such as fused quartz plugs, and preferably less 
than 5 ppb by weight, such as chemically dried silica plugs. Typically, such 
plugs are dried in a chlorine-containing atmosphere, but an atmosphere 
containing other chemical drying agents are equally applicable. Ideally, the 
glass plugs will have a water content of less than 1 ppb by weight. In addition, 
the glass plugs are preferably thin walled plugs ranging in thickness from about 
200|im to about 2 mm. Because many embodiments of the present invention 
rely upon diffusion of inert gas from the centerline hole after the centerline hole 
has been sealed to create a passive vacuum within the centerline hole, thin 
walled glass plugs can facilitate rapid diffusion of the inert gas from the 
centerline hole. The thinner the plug/breakware, the greater the rate of 
diffusion. 

Following the above-described steps, the sintered glass preforms can be 
removed from consolidation furnace 44 and thereafter stored for further 
processing at a later time, preferably within a holding oven, or positioned within 
a redraw furnace where the glass preforms can be drawn into a reduced 
diameter cylindrical glass body such as a core cane, if desired. Because the 
sintered glass preform formed using the process illustrated in FIG. 4 has a 
closed centerline region, and because the sintered glass preforms formed 
using the processes illustrated in FIG. 5A and FIG. 6A have sealed centerline 
holes, the centerline region and the centerline holes are not accessible to 
ambient atmosphere, or any other environment that includes a hydrogen 
containing compound. Accordingly, the centerline region and centerline holes 
of the respective sintered glass preforms will remain dry during storage and/or 
en route to the redraw furnace. 

At redraw, the sintered glass preforms formed as described above are 
suspended within a furnace 68 by downfeed handles 42 as illustrated in Figs. 
7A, 7B, and 7C. The temperature within furnace 68 is elevated to a 
temperature which is sufficient to stretch the glass preforms, preferably about 
1950°C to about 2100°C, and thereby reduce the diameters of the preforms to 
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sintered Bl assp ref o m 70, co^spo^ngto^ *d P 

atmosp here su* - * axjaUy therethrough . M shown ■,„ 

74 havmg a centedme regton ^ 38 deplcte d 

sealed cen.ed.ne ^ ^rtine h* 40 

^To'irS^ * FIG. 7C, sinfered 0-se preform 80. 

sumdenUofacilftate complete -^j** for example, in 

.his approach as a resuft of ^ rf 

by hoiiow c— bole *sure a, redraw. 

, 5 hole 40 decreases due to the progre ^ 

elongated pomon 66 of breakware 60 pr ^ 
ho le 40 so mat adeguafe yoiume ,s ava, able '° ~ We dosure . 

, =t«io40 thereby facilitating complete centemne 
within centedme hole 40. thereby prefom) 

More preferably, boweyer, as ^bly 
30 60 reaching fts softening pcrnta P«^* inlo ^ ^ 
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inner handle 52. Once breakware 60 is broken, and thereby opened at both 
ends, centeriine hole 40 is continuously evacuated through the open ends of 
breakware 60 to facilitate centeriine hole 40 closure as sintered glass preform 
80 is softened and stretched to form core cane 74 having a closed centeriine 

5 region 76. 

In a second preferred embodiment of the method of the present 
invention, the focus is shifted from preventing rewetting of the centeriine prior to 
centeriine hole closure, to removal of water absorbed within the sintered 
preform glass surrounding the centeriine hole due to rewetting following 

10 chemical drying and consolidation. While not critical, it is preferred that 
rewetting of the preform glass bounding the centeriine hole be kept to a 
minimum as less OH and/or glass will need to be removed from that portion of 
the sintered glass preform bounding the centeriine hole prior to centeriine hole 
closure. 

15 in one approach depicted in FIG. 8, a rewet glass preform 84 is 

disposed within the upper portion of furnace 68, preferably a redraw furnace, 
and exposed to elevated temperatures of about 1000°C to about 1500°C. 
While being heated, the portion of the sintered glass preform 84 bounding 
centeriine hole 40 is treated with an agent 86 delivered from container 88 to 

20 remove substantially all of the water (OH and/or OH 2 ) within the region of glass 
preform 84 bounding centeriine hole 40. Preferably, agent 86 is a chemical 
drying agent such as Cl 2 , GeCI 4 , SiCI 4 , D 2 , or D 2 0 delivered from container 88 
via delivery line 90, through inner handle 52, and into centeriine hole 40 as a 
liquid, or as a gas. Following chemical drying, sintered glass preform 84 is 

25 heated to approximately 2000° C while centeriine hole 40 is placed under 
vacuum through inner handle 52 to redraw glass preform 84 into a reduced 
diameter solid core cane (not shown). 

Alternatively, rewet glass preform 84 is exposed to an agent 86 such as 
a chemical etching agent to remove a substantial portion of the water present 

30 residing in the portion of rewetted glass preform 84 bounding centeriine hole 
40. Preferably, a chemical etching agent, such as, but not limited to, SF 6 is 
delivered from container 88 through delivery line 90, and inner handle 52 into 
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oanfortine hole 40 o, rewe, g,ass prefomr 84. F*wing 

prefom, 84 can be heated to a temperature o. approxrmately 2000 C whrle 

sintered glass preform 84 into a reduced diameter core cane (no, shown) t 
'^laddiUonaiapproachfomasecondpreferTedembodimentofthe 
.neurod of the present invent is illusftatod in FIG. 9. Rewetted giass preform 
^ositione wfthin the upper portfcn - furnace 68. and fha. port™ o, Ure 
I s hounding centertine hoie 40 is exposed to a D 2 0 containing atmosphere 
121 *e diffusion characteristics o, deutedum in silica confining gtass are 
^r.omoseo.hydrr^.dau.edumcand^semroughm^scop.c 

Znces in relauvely shod pedods o. time. When the oflfoslng deutenum 
atoms encounter OH they undergo a reversible exchange reachon ^ 
bonded hydrcgen. Since the reaction is very efficient, the number of deutenum 
1m n^ no, great* exceed the number o. bonded hydrogen atoms res*g 
atoms neeo nor groo y „ c hanae The exchange 

within giass preform 70 to achieve substantial D/H exchange, in a 
Tction J* OH - HOD ♦ OD resufts. Flowing the reacts, me debonded 
nydro gen is mobile and will, unless undergoing a reverse reason _ 
a countortng a trapping site, or becoming relaflvety immobile due to a d^ 
m a preform temperature. dftfuse out of the glass bounds , centedrne hole «. 

As iliustrated in FIG. 9. a gas 94. preferably an Inert gas su* as He. N. 
or Ar is delivered into a DaO confining soMon 96 within a flask 98. M> 

,00 to inner handle 52 communicating w* centedine hole 0. The M£ 
praferably flushed through centedina hole 40 for a suffl.en. t,me o foe l*a.e the 
oeutedum/hydrogen exchange process wfthin rewefted glass prefone 92. 
Glass prefomt 92 can men be moved to the ho. zone of furnace 68 and 
expos! fo temperatures of about 2000-C. As the glass softens, g ass preform 
g 2 is stretched to form a reduced diameter core cane (no. shown, having a 
, ^dcentortinereg., A maiod,o,,eO D inconpora.ed info glass .reform 
92 dunng .he hydrogen/deutenum exchange pmcass will be drffused by 
expire .o elevated .emperafore a. redraw. However, any OD rama,n,ng ,n 
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the resulting core cane (not shown) will contribute little to absorption of light in 
the relevant wavelength range, as the specific absorption due to OD is about 
two orders of magnitude less than that of OH in the relevant wavelength region, 
i.e., the 1380nm window. 

5 The reduced diameter core cane, a portion of which preferably 

constitutes cladding, produced by any of the above-described embodiments 
can be overclad, and subsequently drawn into an optical waveguide fiber 
having a central core portion bounded by a cladding glass. Due to the low 
weighted average OH content of the centeriine region, the optical waveguide 

1 0 fiber exhibits an optical attenuation of less than about 0.35 dB/km at each 

wavelength within a wavelength range from about 1300 nm to about 1650 nm. 
Moreover, the optical waveguide fiber exhibits an optical attenuation of less 
than about 0.31 dB/km at a measured wavelength of 1380nm. 

FIG. 10 illustrates the spectral attenuation plot 102 of an optical 

1 5 waveguide fiber manufactured in accordance with the invention by inserting a 
reduced diameter core cane or rod, made in accordance with the active 
vacuum embodiment of the present invention described herein with reference 
to FIG. 5A, into a soot cladding tube in accordance with a rod-in-soot tube 
method of fiber manufacture. As shown in FIG. 10. the resultant optical 

20 waveguide fiber exhibits optical attenuation of less than about 0.31 dB/km at a 
wavelength of 1380nm. Thus, as evidenced by spectral attenuation plot 104, 
the water peak 106 exhibited by an optical waveguide fiber made by a 
conventional manufacturing process from an OVD preform has been 
substantially eliminated. While not shown in FIG. 10, it will be understood by 

25 those skilled in the art that spectral attenuation plots similar to spectral 
attenuation plot 102 can be obtained from other optical waveguide fibers 
incorporating a cylindrical glass body of the present invention and being 
overclad by methods other than rod-in-tube. 

As shown in FIG. 1 1 , and in accordance with another embodiment of the 

30 present invention, an optical fiber 108 manufactured in accordance with the 
present invention can form part of an optical fiber communication system 110. 
Optical fiber communication system 110 generally includes a transmitter 1 12, a 
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receiver ,14. and optica, waveguKa •» 108 .or ocmrnunioaW an op«ica, 
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EXAMPLES 



from the top of the furnace muffle. 
Fvample 1 

A ona meter soo. Wank, formed by an OVD process and mad rth . 

and upon term,nat,on of tha centen.ne . ^ 
hole. Vacuum continued to be drawn until me 
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depth of 2730 mm and the top portion of the blank closed on the top plug, 
thereby sealing the centeriine hole. The sealed sintered preform was then 
drawn into a solid cane in a redraw furnace as a result of the reduced pressure 
contained within the sealed centeriine hole. The cane was overcladded using 
the rod-in soot tube method, and the overcladded cane was chemically dried, 
consolidated, and thereafter drawn into an optical fiber, which exhibited the 
following optical attenuation: 

Attenuation Results: 

1310nm 1380nm 1550nm CUTOFF FIBER DIA. 

0.336 dB/km 0.301 dB/km 0.245 dB/km 1258 nm 130 urn 

Example 2 

A one meter soot blank, formed by an OVD process and fitted with a 
chemically dried tip plug positioned within the bottom of the centeriine hole, 
was loaded into the top portion of a consolidation furnace maintained at a 
temperature of approximately 1000° C - 1200° C to a depth of approximately 
1090 mm. Prior to loading, a chemically dried solid top plug measuring 
approximately 17.0 cm long was disposed within the centeriine hole at the top 
of the blank. The blank was initially pre-purged for approximately 15 minutes 
with a 60 SLPM He flow rate in the muffle. This was followed by a 60 minute 
drying step. During the drying step a 0.825 SLPM flow rate of Cl 2 and 20 SLPM 
flow rate of He was flowed through the muffle. The drying step was then 
followed by another purging step at a flow rate of 60 SLPM He to the muffle for 
15 minutes. The muffle gas was then switched to deuterium oxide (D 2 0) for 60 
minutes, thereby exposing the blank, and thus the centeriine hole, to D 2 0. 
During this time the deuterium oxide bubbler was maintained at 82° C while a 
He flow rate of 1 .9 SLPM was passed through the D 2 0 within the bubbler as a 
carrier gas. In addition there was 1 8 SLPM of He flowing through the muffle. 
After the blank was exposed to deuterium oxide for approximately 60 minutes, 
the blank was purged again for 15 minutes under 60 SLPM of flowing He in the 
muffle. A final drying step was performed where a Cl 2 flow rate of 0.825 SLPM 
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and a He flow rate of 20 SLPM was delivered to the muffle for approximately 

Hot zone o, toe furnace from ,090 mm to a depth of 2730 mm a, a ratoo, 5 
m m/min while an He flow rate of 20 SLPM was passed through the muffle. 
ISl bottom of the blank reached a depth of 2435 mm. a vacuum pump 
wtth toe oentedine hole was acttvatod ,o reduce toe pressure 

^Inthecenteflinehole. ^^^"^21 
toe biank reaohed a depto of 2730 mm and the top porton o toe blank ctosed 
on toe top plug, thereby seaiing toe centenine hole. The sealed smtered 

nriucrt pressure contained within toe sealed centenme hole. The cane was 

anemic* dried, consolidated, and thereafter drawn into an optica, fiber, wh,ch 
exhibited the following optical attenuation: 

Attenuation Results. 

, KKnnm CUTOF F RBERDJAi 

Example 3 

A one meter soo, blank, formed by an OVD process and fitted with a 
cheaply dried flp plug posted wflhin toe bottom of toe oentedine ho e. 
was loaded into toe top portion of a consolidation furnace manned a. a 
temperature of approximately 1000- C - 1200- C to a depth of appmx,ma,e,y 
1090 mm Prior to loading, a chemically dried top plug (breakware)was 
d ~w«hintoecen,edineho,ea,.hetopo,toeb 1 an,The W anKwas 

2 ly Pre-Purged for approximately 1 5 minutes wito a 20 SLPM He ow rate 

was Mowed by a 240 minute drying step. During toe drying step a ow «. 

approximately 0.825 SLPM CI, and 20 SLPM He was passed through toe 
;2.ThebLwastoendown,edfmmt090mm to adeptoo,app ro »mato 

™ 7 5 mm wflhin the ho. zone o, toe furnace a, a rate o, about 5 mm/m,n. under 
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a He flow rate of 20 SLPM within the muffle. When the bottom of the blank 
reach d a depth of approximately 2675 mm, a vacuum pump communicating 
with the centerline hole was activated to reduce the pressure within the 
centerline hole. Vacuum continued to be drawn for approximately 40 min. at 
which time the top portion of the blank closed on the top plug, thereby sealing 
the centerline hole. The sealed sintered preform was then positioned within a 
redraw furnace under an argon muffle and centerline purge. A plunger was 
then lowered through the inner handle to break the breakware, at which time 
the centerline argon purge was terminated and a vacuum pump engaged to 
draw vacuum through the centerline and evacuate the centerline hole. The 
centerline hole of the sintered preform was then closed under active vacuum 
during redraw to form a cane. The resultant cane was overcladded using the 
rod-in soot tube method, and the overcladded cane was chemically dried, 
consolidated, and thereafter drawn into optical fibers, which exhibited the 
following optical attenuation: 

Attenuation Results: 

1310nm 1380nm 1 550nm CUTOFF FIBER DIA. 

0-338 dB/km 0.297 dB/km 0.220 dB/km 1168 nm 115 nm 
0.337 dB/km 0.301 dB/km 0.20 dB/km 1309 nm 125 

It will be apparent to those skilled in the art that various modifications 
and variations can be made to the present invention without departing from the 
spirit and scope of the invention. For example, the centerline hole could be 
sealed shut by flame torching the sintered glass preform to the top plug in the 
centerline hole after or while the sintered glass preform is withdrawn from the 
consolidation furnace under vacuum. Preferably, the sintered glass preform is 
removed from the consolidation furnace while an inert gas, free of hydrogen 
containing compounds, is flowed between the downfeed handle and inner 
handle to prevent water from entering the centerline hole between the joint 
formed by the preform handle and inner handle. Once the centerline hole is 
closed by flame torching, the inert gas flow can be terminated. Thus, it is 
intended that the present invention covers the modifications and variations of 
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What is claimed is: 

1 . A method of fabricating a cylindrical glass body for use in manufacturing 
optical waveguide fiber, said method comprising the steps of: 

a) chemically reacting at least some of the constituents of a moving fluid 

mixture comprising at least one glass-forming precursor 
compound and an oxidizing medium, the reaction resulting in the 
formation of a silica-based reaction product; 

b) depositing at least a part of said reaction product on a substrate to 

form a porous body thereon, at least a portion of said porous 
body including hydrogen bonded to oxygen; 

c) removing the substrate from said porous body, thereby forming a 

centeriine hole extending axially through said porous body; 

d) consolidating and drying at least a portion of said porous body to 

form a glass preform; and 

e) closing the centeriine hole and said drying, consolidating, and closing 

steps are performed under conditions suitable to result in a solid 
glass body suitable to make an optical fiber having an optical 
attenuation of less than about 0.35 dB/km at a wavelength of 
1380nm. 

2. The method of claim 1 wherein said closing step results in a solid glass 
body suitable to make an optical fiber having an optical attenuation of less than 
about 0.31 dB/km at a wavelength of 1380nm. 

3. The method of claim 1 further comprising the step of replacing at least a 
portion of the hydrogen bonded to oxygen with deuterium in a 
deuterium/hydrogen exchange step carried out subsequent to step c). 

4. The method of claim 3 wherein said deuterium/hydrogen exchange step 
comprises delivering D 2 0 into the centeriine hole. 
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< laim 2 wherein the consolidating and drying step 
5- ^e method of da,m 2 whe e ^ ^ t0 

copses chemically drying said parous V ^ ^ ^ ^ 

SSS Si.-—— 

5 consolidating and drying step. 

^en coning compound su bS e q uen, to s,epd). 
ofcrcatlngavacuum within the centertine hole. 



centerline hole 
20 9 



than about 1ppb by weight. 



of: 



30 



positioning sold glass body in a furnace; 
h ea*g said glass Wv^thin said fumeoe; and 
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drawing said glass body into a cane having an outside diameter smaller 
than the outside diameter of said glass body. 

12. The method of claim 8 wherein said preventing step further comprises 
exposing the centerline hole to a pressure reducing atmosphere through at 
least one end of said porous body during said heating step. 

13. The method of claim 12 wherein at least one of said plugs is breakable, 
and wherein said closing step comprises the steps of: 

positioning said glass body in a furnace; 
breaking said plug; 

exposing the centerline hole to a pressure-reducing atmosphere; 
heating said blank during said exposing step; and 
drawing said glass body into a cane having an outside diameter smaller 
than the outside diameter of said glass body. 

14. The method of claim 1 wherein said method further comprises purging 
said centerline chamber with a drying gas comprising a compound selected 
from the group consisting of Cl 2 , GeCU, SiCI 4 , D 2 , and D 2 0 subsequent to step 
d). 

1 5. The method of claim 1 wherein said method further comprises the step 
of chemically etching at least a portion of the glass body surrounding the 
centerline hole prior to step e). 

16. A cylindrical glass body for use in manufacturing optical waveguide fiber 
made by the method of claim 1 . 

17. A cylindrical glass body for use in manufacturing optical waveguide fiber 
comprising: 

a silica containing glass, at least a portion of which includes hydrogen 
bonded to oxygen, said silica containing glass having a centerline 
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reg ,on formed by dosing a cen^ine hde of a preform, sadsiltoa 
coining giass having a sufficiency tow weighted avera^ OH 
con.en, such M an opbca, wavagutoa tiber manufadu « . *m 
sato cyfindrica. glass body exhWs an opbca, attenuabon o. less 
than about 0.31 dB/km at a wavelength of about 1380nm. 

16 . The cyfindrica, glass body of daim 17 wherein Ihe weighted average OH 
content of is less than about 1 ppb. 

,g An optical waveguide fiber comprising: 

asiliLoortainingcoreglass.alleaslaporttono.wh.hinduda 

hydrogen bonded to oxygen, said silica containing core lass 
havi „g a canledine region including a dopant, the pantonine 
re L being formed by dosing a cenladine hole of a preform; and 
a dadZ s ass sLundlng sa« silica — g core glass, whe,™ 
aato opbca, wavegukle fiber exhibHs an opttoal attanuabon of less 
than about 0.31 dB/km at a wavelength of about 1380nm. 

20 The opboal waveguide fiber o, daim 19 wherein said sHtoa coining 
;0 1 glass indudes a wefchted average OH conlen, o, less .ban 1 P pb. 

21 The optica, wavegutoa fiber of daim 19 wherein said fiber exhibits an 
o S ca,a«anua fo no,lessthanabou.0.3 5 dB fll ma,each wavelength w„h,n a 

wavelength range from about 1300nm to about 1680nm. 
25 n. Theo P ttoalwaveguk1a,bero,daim19wherein t hedopan,com P nsas 
germania. 

23 . The optical waveguide fiber of daim 19 wherein said dadding glass 
30 comprises silica. 



WO 00/64825 



PCT/USOO/09425 



29 

24. An optical fiber communication system comprising: 
a transmitter; 

a receiver; and 

the optical fiber of claim 19 for communicating an optical signal between 
5 said transmitter and said receiver. 

25. A plug for use in sealing the centeriine hole of a soot blank used in the 
manufacture of an optical waveguide fiber, said plug comprising: 

a silica containing glass, at least a portion of which comprises hydrogen 
10 bonded to oxygen, said silica containing glass having an OH 

content of less than about 5 ppm by weight. 

26. The plug of claim 25 wherein said silica containing glass comprises an 
OH content of less than about 1 ppb by weight. 

15 

27. The plug of claim 25 wherein said silica containing glass comprises an 
elongated body having an open end and a closed end, said elongated body 
defining a chamber having a volume. 

20 28. The plug of claim 25 wherein said elongated body has a thickness of 
less than about 2 mm. 

29. The plug of claim 25 wherein said elongated body has a thickness of 
between about 200 \im to about 2 mm. 

25 

30. A method of fabricating a cylindrical glass body for use in manufacturing 
optical waveguide fiber, said method comprising the steps of: 

a) chemically reacting at least some of the constituents of a moving fluid 
mixture comprising at least one glass-forming precursor 
30 compound and an oxidizing medium, the reaction resulting in the 

formation of a silica-based reaction product; 
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• ♦ M a cart of said reaction product on a substrate to 
bo dy including hydrogen bonded to oxygen; ^ 

ri Hrvina at least a portion of said porous body to 
d) consolidating and drying at leasi <* w 

form a glass pretorm; and ^ ^ 

^sr^tr— ------ 

£. body — a centedine reg*n hav^g a werghted 
average OH content of less than about 1 ppb. 
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